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GENETICALLY ENCODED FLUORESCENT of protein modification-associated disorders, for example 

REPORTERS OF KINASE, histone-modification-associated disorders. These evalua- 

METHYLTRANSFERASE, AND tions can be done in cells, tissues, samples, or in subjects to 

ACETYL-TRANSFERASE ACTIVITIES determine the effect of pharmaceutical agents on the level of 

5 protein (e.g. histone modification. In addition, the fusion 
RELATED APPLICATIONS protein reporters of the invention can be utilized in non- 

invasive methods to assess cellular response to external 
This application claims priority under 35 U.S.C. §119 to stimuli. 
U.S. provisional application Sen No. 60/425,578, filed Nov. According to one aspect of the invention, fusion protein 

12, 2002. to reporters are provided. The fusion proteins include a core 

comprising a histone-modification-specific binding domain 
GOVERNMENT SUPPORT conjugated to a histone polypeptide substrate, wherein the 

core is flanked by donor and acceptor fluorescent moieties. 
This invention was made with government support under In some embodiments, the histone modification specific 
Grant Number N000 14-03 -1-0456 awarded by the Navy. 15 binding domain is conjugated to the histone polypeptide 
The government has certain rights in the invention. substrate with a linker molecule. In certain embodiments, 

the fusion protein reporter also includes one or more addi- 
FIELD OF THE INVENTION tional histone-modification-specific binding domains. In 

some embodiments, the histone polypeptide substrate is 
The invention relates to products and methods of making 20 selected from the group consisting of H3 or H4. In some 
and using fusion protein reporters to monitor histone modi- embodiments, the histone polypeptide is selected from the 
fication, such as acetylation, methylation, and phosphoryla- group consisting of the N-terminus of H3 and the N-termi- 
tion. The invention relates to the use of fusion protein mis of H4. In some embodiments, the donor fluorescent 
reporters in methods and compositions for the diagnosis and moiety is selected from the group consisting of cyan fluo- 
evaluation of histone modification-associated disorders. 25 rescent protein (CFP), enhanced cyan fluorescent protein 

(ECFP), and the A206K mutants of these proteins (non- 
BACKGROUND OF THE INVENTION dimerizing). In certain embodiments, the acceptor fluores- 

cent moiety is selected from the group consisting of yellow 
Recent advances in protein engineering, chemistry, and fluorescent protein (YFP), enhanced yellow fluorescent pro- 
fluorescence microscopy have resulted in improved quanti- 30 tein (EYFP), Citrine, and Venus, and the A206K mutants of 
tative reporters of signaling events in living cells (Zhang, J. these proteins. In some embodiments, the histone modifica- 
et al., Nat. Rev. Mol. Cell. Biol., 2002, 3(12):906-18). For tion is selected from the group consisting of acetylation, 
example, the engineering of spectrum-altered fluorescent methylation, and phosphorylation. In some embodiments, 
proteins (FPs) from the Aequorea victoria Green Fluores- the histone modification-specific binding domain is selected 
cent Protein (GFP) has enabled simultaneous real-time mea- 35 from the group consisting of: 14-3-3, FHA, WW, bromo- 
surement of multiple protein expression and localization domain, and chromodomain. In some embodiments, the 
patterns in live cells. FP-based indicators are less toxic than bromodomain is selected from the group consisting of: 
simple organic dyes and can respond to a wider range of Gcn5, TAF^SO, P/CAF, CBP, BRG1, Swi2, and Sthl. In 
biological events; they can also be targeted to subcellular some embodiments, the chromodomain is selected from the 
compartments through genetic fusion and can be introduced 40 group consisting of: HP1 , MRG1 5, MRG-1 , cynCDY, Hrp3, 
into a wider variety of tissues and into intact organisms. dMi-2, CHD5, Swi6, and pdd3p. In certain embodiments, 
Although great strides have been made in FP-based the bromodomain comprises the amino acid sequence set 
indicator development, there are drawbacks in the existing forth as SEQ ID NO: 3. In some embodiments, the histone 
technology. Existing indicators have been designed on a polypeptide is a polypeptide substrate for the histone-modi- 
"custom cut**, one-at-a-time basis. They are thus currently 45 ficati on-specific binding domain. In certain embodiments, 
capable of reporting only a handful of the thousands of the histone polypeptide is an H3 polypeptide comprising the 
cellular signaling state variables. Additionally, few existing amino acid sequence set forth as ARTKQTARKSTG- 
FP indicators have been developed to report on the more GKAPRKQLATKAARKSAPATGGVKKPHR (SEQ ID 
complex cellular parameters such as enzyme activity. These NO:l). In certain embodiments, the histone polypeptide is 
"hidden** variables are implicated in every known signaling 50 an H3 polypeptide comprising the amino acid sequence set 
pathway, but their direct observation has not been effectively forth as ARTKQTARKSTGGKAPRKQLATKAARKSAP 
addressed by current methodology. (SEQ ID NO: 18). In other embodiments, the histone 

polypeptide is an H4 polypeptide comprising the amino acid 
SUMMARY OF THE INVENTION sequence set forth as SGRGKGGKGLGKGGAKRHRKV- 

55 LRDNIQG1T (SEQ ID NO:2). In certain embodiments, the 
The invention includes fusion protein reporters that may fusion protein reporter also includes a targeting polypeptide, 
be used to monitor the modification of proteins (e.g. his- associated with the fusion protein. In some embodiments, 
tones) in cells, including real-time monitoring of protein the targeting polypeptide is selected from the group consist- 
(e.g. histone) modification in living cells. Use of these novel ing of a receptor ligand and a nuclear localization sequence 
reporters allows the determination of the level of modifica- 60 (NLS), nuclear export signal (NES), plasma membrane 
tion of proteins, for example histones, including the level of targeting signal, a histone binding protein, a histone protein 
acetylation, methylation, and phosphorylation. These deter- and a nuclear protein. 

minations can be compared to control levels and thus allow In some aspects, the invention provides expression vec- 
diagnosis of disorders that are associated with levels of tors comprising an expression cassette encoding a fusion 
protein (e.g. histone) modification that differ from nonaal 65 protein reporter of any of the forgoing embodiments. Some 
levels. The reporters can also be used to evaluate candid ate aspects of the invention also provide host cell transformed or 
pharmaceutical agents for use in prevention and/or treatment transfected with the expression vector. 



